In this paper, the welding process of E36 high strength steel involved in Jinzhou 9-3 offshore platform was studied. The mechanical properties such as tensile, bending, notch impact and surface hardness were tested and analysed with the Welding specimens. The residual stress distribution of the weld after welding was tested by X-ray diffraction, and the distribution rules of residual stress in the weld and nearby area were obtained. The test results showed that the performance of the welded joints of the high strength steel E36 met the requirements of the AWS D1.1 standard and the welding process was practicable.
Introduction
The development of China's offshore oil has brought about the ever-expanding demand for steel for offshore platforms. E36 steel is the main structural steel for marine engineering in China. It has been widely used in hull structure and offshore platform construction with its high strength, high toughness, good fatigue resistance, anti-layer tearing and good weldability and seawater corrosion resistance and other excellent performances. E36 high strength steel was widely used in the Jinzhou 9-3 offshore platform, the performance of welding joints would directly affect the quality of the entire offshore platform. Therefore, in this paper, the E36 high-strength steel welding process was systematically studied combined with Jinzhou 9-3 offshore platform construction project and the joints mechanical performance and residual stress was tested in order to ensure the quality of platform structure and provide technical guidance of safety service.
Welding Process Experiment

Weldability Analysis of E36
E36 steel is a low alloy high strength structural steel containing trace alloy elements Nb and V [1] . It has shown in studies that trace alloying elements Nb and V can strengthen and toughen the steel. The chemical composition and mechanical properties of E36 steel were respectively shown in Table 1 and Table 2 According to the carbon equivalent formula of the International Welding Society (IIW) and the International Classification Society (IACS):
Ceq=C+Mn/6+ (Cr+Mo+V)/5+ (Ni+Cu)/15 (%)
It can be seen that the E36 had a high carbon equivalent, a high rigidity, a poor weldability and a high sensitivity to welding hydrogen-induced cracks. Therefore, it was necessary to preheat when the ambient temperature was not high. The principle of the groove is to ensure that the full penetration, but also to minimize the amount of welding, and strive to make the joint deformation to a minimum. According to Jinzhou 9-3 project actual situation, taking into account the tube node of various connections in the platform construction process, the groove type was designed as shown in Figure 1 . In order to ensure the strength, toughness, plasticity and other mechanical properties of the welded joint to match the base metal, the choice of welding materials should be based on the mechanical properties of the base metal, rather than from the chemical composition of the base material composition and the same choice of welding materials. In this study, LB-52U primer was used, CHE58-1 was filled and TWE-71Ni was filled.
Welding Methods and Process Specifications
Welding process test was done with a test plate whose size was 400mm × 400mm × 40mm, using manual arc welding (SMAW) for primer and flux-cored wire gas shielded welding (FCAW-G) for covering [2] .
The range of preheating temperature before welding should be 100 ~ 150°C, and the temperature should be between 100 ~ 200°C. The preheating range is not less than the maximum thickness of the weld in the direction of the weld bead, but at least 75mm. When the temperature of base metal is lower than 0°C, the preheating temperature is at least 210°C. The heating method must ensure that the base material can be preheated thoroughly. It should be cleaned by polishing or other suitable means at least 15 mm on both sides of the welding area. The surface of the weld must be cleaned by brush and angle polisher when a weld layer is finished. Pay attention to using electrode reasonably, to prevent the edge of the layers of nonfusion, undercut, porosity and other defects.
According to the above method and specification, the welding technology of 6G position of the plate specimen and the 6G position of the tube specimen were carried out respectively. After a series of welding process parameters, the typical welding process parameters were obtained as shown in Table 3 .
Mechanical Performance Test
After all the welding of test specimen was finished, X-ray and ultrasonic tests were carried out, the results of the weld inspection met the standard requirements, and then the mechanical tests were carried out. The mechanical property tests of the welding process evaluation included tensile, bending, notched impact and surface hardness [3] . The tensile and bending tests were done in the SHT5106-P microcomputer control current servo universal testing machine and the impact tests was done in the ZBC2602-C low temperature impact testing machine. Weld joint test specimen, processing and test methods were according to AWS D1.1 standard [4] . 
Bending Test
The bending test was carried out with a bending angle of 180 °according to the requirements of the AWS D1.1 standard. The test results were shown in Table 4 . The test results showed that the bending test results of the specimen are in accordance with the provisions of the AWS D1.1 standard. Which was that the length of the single crack was less than 3mm and the total length of the crack was less than 10mm.
Tensile Test
The results of the tensile test of the welded joint were shown in Table 5 . They showed that the tensile test results of the welded joints met the requirements of the AWS D1.1 standard. 
Impact Test
The positions of the impact specimens were in the center of the weld, 1mm away from the fusion zone and 5mm from the fusion zone. The surface of the specimens was perpendicular to the weld surface. The impact test temperature was -40°C [5] .
The test results were showed in Table 6 and table 7 . The test results met the requirements of the AWS D1.1 standard.
Hardness Test
Two plates and two pipes were taken to test for HV10 values. Test point position of butt joint hardness was showed in Figure 2 , test results of the board sample Vickers hardness were showed in Table 8 .
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Line 2 Test results showed that HV10 values were less than 280, which met the requirements of AWS D1.1 standard.
Macro Corrosion test
Macro corrosion photograph of welded joint specimen was shown in Figure 3 . The results of the macro corrosion test were shown in table 9. 
Tab. 9: Macro Corrosion test results
Joint type Specimen No Test result
Residual Stress Test
After the welding of the test specimen, the residual stress of the specimen was tested by X -ray diffraction. The equipment was a Japanese Science X-ray stress meter (MSF-3M). As the specimen is symmetrical about the centreline and the weld centre, only a quarter of the position was measured. The test results were shown in Fig. 4 and Fig.5 . It can be seen from the figure, whether in the direction of the weld, or perpendicular to the weld direction, the longitudinal residual stress in the vicinity of the weld was compressive stress. In the position away from the weld, it maintained compressive stress along the weld direction of the stress, and it became tensile stress perpendicular to the weld direction. It is known that the compressive stress is beneficial to improve the fatigue performance and corrosion resistance of the weld. Therefore, the compressive stress distribution in the weld and the surrounding area was beneficial to improve the fatigue performance and stress corrosion resistance of the structure.
Conclusion
(1) The welding process was successfully used for the Jinzhou 9-3 offshore platform construction, and the welding quality was reliable. (2) The test results of welded joints' Mechanical properties showed that the performance of the joints met the relevant requirements of the AWS D1.1 standard. (3) It is shown that a compressive stress distribution was in the weld and the vicinal area by the welding process, which was conducive to improving the fatigue performance and stress corrosion resistance of Jinzhou 9-3 offshore platform.
Introduction
As an important water conservancy project, the reservoir has many functions such as flood protection, water supply and so on [1] . With the further development of urbanization in China, the problem of water supply is becoming increasingly prominent. However, the operation of the reservoir is affected by the double effect of "artificial-natural" regulation; the sediment pollution problem gradually emerged after several decades of operation [2] . the release of sediment pollution and as a result, the hydrogen sulfide pollution incident broke out [3] . Sediment pollution becomes a hot topic in current research, and the collection of representative samples is the basis of related research. So the development of accurate and efficient sediment sampling equipment is of great significance.
There are four main types of sediment collection equipment now: digging, grasping, gravity sampling and vibration sampling. It's very easy to use a shovel or other digging tools in shallow water. Three other types can be used in deep water. The grasping sampler collects the surface sediments by closing the grab at the moment of touching the sediment. This method can only collect sediments from the surface layer [4] .The gravity sampler which relies on its own gravity to inset the sampling tubes into the sediments, which destroys the original physical structure of the surface sediments during the equipment's falling [5] . The Danish KC-Denmark company HAPS Sediment Columnar Sampler is a sampler with a vibrating motor and the total weight of the sampler reaches 168Kg. So in the actual sampling, there must have large ships and winch. And the use of this equipment will damage the stability of the sediment and the sampling depth is limited. So that it is not suitable for the investigation and sampling of reservoir sediments in inland areas.
Based on the investigation of the structural property of reservoir sediments, this paper analyses the key techniques of reservoir sediment collection, and develops a kind of reservoir sediments sampler, which provides an effective sampling tool for the collection of reservoir sediments.
Structure Property of Reservoir Sediments
After the dam was built, the natural runoff characteristics of the river were destroyed, the flow velocity in the reservoir area was reduced, and the sediment capacity was weakened. A certain degree of siltation always occurs in the reservoir after years of operation. There are many factors affecting the distribution and form of siltation likestorage volume, sediment concentration, sediment composition, reservoir dispatching. In the change backwater area, flush and silting staggered and the sediment is stratified.And the stratification phenomenon of sediment is becoming more obvious after many years because of the different quantity and species of flood-carrying substances by different floods. The concept map of reservoir sediment distribution is shown in Figure1. The comprehensive master of the structure state of reservoir sediments is the basis of collecting sediment samples, analyzing sediment properties, and then studying the countermeasures of sediment management. In order to make the research in detail, this study chooses the Biliuhe Reservoir in Dalian as an object to study and analyse its actual state of sediments. Since its completion in 1984, Biliuhe Reservoir has been running for 32 years. It is a large-scale reservoir with comprehensive utilization of flood protection, power generation, fish farming, irrigation and tourism [6] . After several decades of operation, there has been a certain degree of deposition. This paper focuses on the sediment status in the entrance section and the dam front area of Biliuhe Reservoir.
Sediment Property in the Entrance Section
This paper investigated the sediment property of three entrance sections of Guiyunhua, Dabao and Zhongling in the period of the dry season. The actual sedimentation status and morphology of the reservoirs were analyzed comprehensively, and samples of sediments at each point were collected. The field investigation (shown in Figure 2 ) shows that the sediments show a distinct stratification in the vertical direction. As shown in Figure 2 , the thickness, particle size, color of the soils of different depths are definitely not same and the sediment stratification characteristic is obvious. Surface sediments in some areas contain a lot of straw, hay and other substances because they don't decay into muddy sediments completely due to the short deposition time. In addition, the sediments are often entrapped with refractory substances such as plastic bags, and we found that the date of production attached to the food packaging bag corresponds to the flood event for a particular year. It is concluded that the formation of sediments is related to the type of material entering the reservoir, hydraulic handling and other factors, and a flood often carries large amounts of straw and garbage into the reservoir [7] . The different kinds of substances carried by the floods make the sediment form a distinct stratification phenomenon, and the amount of silt, the amount of organic matter and the like carried by different levels of floods are obviously different, and sediments at different depths reflect the hydrological events, pollution characteristics and watershed characteristics of reservoirs in different years.
Sediments Structural Property in front of the Dam
In this paper, we use the grasping and gravity type sampler to investigate the reservoir sediment based on the "water environment monitoring specification"(SL219-2013) and portable GPS. The sediment status is shown in Figure3. After more than 30 years of reservoir operation, the reservoir sediments have a deep black color that indicated that the sediment pollution is serious [8] . At the same time, it was observed that the surface sediments of the reservoir were very sensitive to disturb by means of underwater camera equipment. Indoor monitoring also indicated that the sediment water content reached 180% and the carrying capacity was low. Reservoir sediments are perennial accumulated under the water, so it is different from the runoff erosion and ocean current disturbance of ocean. In addition to the flood season, reservoir in most of the time is in a quiescent state, which causes the sediment to be softer. The survey found that the sediments grain size in the vertical direction showed a fine-coarse-fine distribution characteristic, and similar phenomena were found in the study of Lianhuan Lake [9] . The columnar sediments show different ribbon distribution related to the physicochemical properties of the sediments. The distribution of TN, TP and organic mattern the sediments of Tai Lake have an obvious difference in the vertical distribution: the surface sediment content is high and the content of the bottom layer is low [10] . Besides, the particle size, nutrition, heavy metals and other physical and chemical indicators, even microbial all have an obvious stratification phenomenon in the vertical direction.The study of Tai Lake shows that the microbial community hannon-Weiner index in the upper sediments is higher than that the lower layer [11] . These existing studies have validated the stratification characteristic of sediments by detecting physical and chemical indicators, so it is necessary to ensure the sediments stratification characteristic are not destroyed when collecting the sediment.
Above all, it is found that the surface sediments are relatively soft and vulnerable to disturbed, and the sediments stratification features are obvious. In order to accurately grasp the state of reservoir sediments and analyze the sediments physicochemical properties, the susceptibility and stratification characteristics of sediment must be taken into consideration when we design the collecting equipment.
Key Techniques of Reservoir Sediment Sampling
According to the stratification and susceptibility characteristics of the sediment, we think that the following techniques should be solved.
The selection of the Sampling Equipment Power Mode
Sampling device should be able to collect sufficient depth of sediment sample in powerful mode. It can not only provide the power forcollecting deep sediment, but also not destroy the original layer of the sediment. It is very important to obtain the sedimentary characteristics of reservoirs through the deep sediment samples. The power of traditional sample collectionis mainly by the weight of the sampler and the momentum of the descent, and the length of the collected sample depends on the mass and weight of the counterweight. Not only we cannot get sediments samples with enough depth, but also there are many problems: the inclination of the sampling tube and lack of space utilization of the sampling tube. How to ensure the collection of sufficient depth of sediment and reduce the disturbance of sediment samples, and select a reasonable sampling power mode is the key points to deep sediment collection.
The Design of the Sampling Tube Structure
When collecting sediments, it is necessary to minimize the disturbance to the sediments. Material, shape and size of the sampling tubes are the key factors that influence the sample disturbance in the sampling process. The surface sediments of reservoirs are soft, which causes a problem that all existing gravity dependent methods have to face with that because of the existence of a great friction between the inner wall and the outer wall of the sampling tube, it would be easy to produce "pile effect" phenomenon [12] . Due to the effect of the "pile effect", the length of the collected sample is shorter than the sampling depth, also the sediment is compressed. Deeper deposits cannot enter the sampling tube, so the original state of the sediments is destroyed. Failure to collect microscopic sediments directly causes the error of the study of sediment pollution. Therefore, it is necessary to reasonably design the form and parameters of the sampling tube, so that the collected samples can have better representation.
The Design of the Sealing Structure
After collecting the sediment by sampler, it is necessary to seal the upper and lower part of the sampling tube to avoid the deposition of the sediment from the tube and to reduce the disturbance to the sediment during the lifting of the sampler. The bottom of existing gravity-type sediment samplers adopts "petal-type" closure device to block the sampling tube. This device increases the disturbance to the sediment during the sampling process. Moreover, if the collected sediment samples are too soft, they would be easily to leak and finally result in sample loss. The upper drainage device adopts the rubber buoyancy valve to achieve the drainage and sealing on the top of the sampling tube, but the sealing effect is limited. Because the vacuum on the upper part of the sampling tube cannot be maintained, the loss of the bottom sample would be aggravated. Therefore, the reasonable plugging and the design of the upper sealing cover is another key point of the sampler design.
Based on the above analysis, the selection of the sampling equipment power mode, the design of the sampling tube structure and the sealing structure are related to the fidelity and representative of the sediment samples. The above problems should be taken into account to make sure the sampler has a small disturbance to the sediment during the collection process and has ability to collect sufficient depth and representative stratified sediment samples.
Development of Stratification Sampling Equipment
Aiming at the soft texture, easily disturbed and obvious stratification characteristics of reservoir sediment, and combined with analysis of the key issues of sampling, this paper designs a kind of stratification sediment sample collector.
Sampler Structure Design
The stratification sediment sampler mainly consists of vibration mechanism, drainage sealer, sampling tube, pipe clamp, plug mechanism, cable, plug cable and vibrator cable. The overall structure is shown in Figure 4 . Under the influence of the vibration of the sampling tube driven by the vibration mechanism, sediments around the sampling tube wall will be "liquefied", and then the sampling tube sinks to actualize the collection of stratification sediment samples. The drainage sealer mechanism achieves the drainage and sealing of the upper part of the sampling tube, while the plug mechanism realizes the block of the lower part of the sampling tube. Under the cooperation of these two mechanisms, the sampler successfully avoids the loss of sample and reduces the disturbance to the collected sediments. 
Sampler Operation Points and Action Process
After the mechanisms are assembled and tested, the sampler should be slowly lowered to the bottom of water. When the sampler reaches the bottom of the water, turn on the power to make the vibration mechanism work. Under the action of the vibration, sediments around the sampling tube would be "liquefied", so the sampling tube can enter the sediment to carry out a sample collection at a uniform rate. When sampling is complete, turn off the DC vibration motor and continue to release the vibrator cable to disengage the cable from the hook. Then pull the vibrator cable, the pulling force of the cable will act on the top rod of the drainage sealing device, and the top rod pushes the seal cap move downward to seal the top of the sampling tube. Release the plug mechanism cable when the sampler is completely removed from the sediment, at this point the plug mechanism flips downward under its own gravity to block the sampling tube. Pulling the vibrator cable to put the device out of the water, thus a sample is collected.
The sampler is easy to operate and can be easily and quickly sampled at a specific sampling point.
Sampler Application Practice
To examine the sampling effect of this sampler, this study applies this sampler to the actual sediment sampling. The results of the sampling test in Biliuhe reservoir are shown in Figure 5 . The length of sediment samples of Guyunhua section, Liudian section, the reservoir center section and the section before dam is 32cm, 25cm, 34cm and 52cm. Due to the reduction of flow rate in the Guiyunhua section, which provides favorable conditions for the deposition of materials through input runoff, the mount of sediment deposition is huge. And then from Liudian section, as the decreases of distance from sampling section to the dam, the length of sediment obtained gradually increased.
Compared with the bulky gravity sampler, the total weight of the sampler is only ten kilograms, which makes it easy to carry and operate the success rate of sampling and sampling efficiency is greatly improved. The sampler can adapt to different water depth of the field sampling requirements, reduce the labor intensity and improve possibility of sampling success. The vibrator mechanism of the sampler is powered by DC 24V lithium battery; it is more suitable for field sampling than AC vibratory samplers. The application in practice shows that samples collected by the sampler are obviously stratified and the degree of fidelity is high. The problems of low success rate, complex operation and large disturbance of sediment are effectively solved.
Conclusion
Field investigation and literature analysis show that reservoir sediments have distinct temporal and stratification characteristics, and representative sediment stratification sample collection is the basis of subsequent studies. The existing sampling equipment has its own characteristics, but cannot be fully applied to the collection of reservoir sediment samples. This paper combined with the actual structural property of reservoir sediments and comprehensive analysis of the key issues of sampling, a vibration stratification sediment sampler with good fidelity and convenient operation was developed. Compared with other types of equipment, the sampler can raise the sampling efficiency by 10 times, and the sampling depth can reach 100 meters, which has good scientific research and application value.
